This study aimed to compare health-related quality of life (HRQOL) over time in patients initiating hemodialysis (HD) or peritoneal dialysis (PD). A total of 989 incident patients starting HD or PD were included from a prospective nationwide cohort study. HRQOL was assessed 3, 12, and 24 months after the start of dialysis. The scores of questionnaires were adjusted for clinical and socioeconomic parameters. The adjusted three months scores of patients on PD showed better HRQOL in eight end-stage renal disease (ESRD), three physical component summary and one mental component summary domains compared with patients on HD. Both patients on HD and PD experienced significant decreases in different HRQOL domains over two years and the degree of changes in HRQOL over time was not different between dialysis modality. However, the scores of three (effects of kidney disease, burden of kidney disease, and dialysis staff encouragement, all P < 0.05) and two (sexual function and dialysis staff encouragement, all P < 0.05) ESRD domains were still higher in patients on PD compared with patients on HD at one and two years after initiation of dialysis, respectively. PD shows better HRQOL during the initial period after dialysis even after adjusting for clinical and socioeconomic characteristics, and the effect lasts up to two years. It was similar in terms of changes in HRQOL over time between HD and PD.
in HRQOL of 928 patients on dialysis during a one-year duration in 2004 9 . Updated information is needed on changes in HRQOL according to dialysis modality with extended follow-up period after dialysis initiation. Further, owing to the conflicting results of previous studies, there is no clear and simple answer to the question of which dialysis modality can be expected to provide better quality of life. Therefore, this study aimed to compare HRQOL over time in almost 1,000 patients initiating HD or PD from a prospective nationwide cohort study during the two-year period after dialysis initiation. The primary object of this study was to compare HRQOL over time between dialysis modality (HD versus PD) and within dialysis modality. The secondary object of this study was to determine the associated factors related to persistently impaired HRQOL in patients on dialysis. Figure 1 shows patient flow. Among the 2,160 survivors (1,546 on HD and 614 on PD) at 3 months after dialysis initiation, 989 patients (45.8%, 652 (42.2%) on HD and 337 (54.9%) on PD) completed the questionnaire. At 12 months, among the 2,065 survivors (1,463 on HD and 602 on PD), 492 patients (23.8%, 301 (20.6%) on HD and 191 31.7%) on PD) completed the questionnaire. At 24 months, among the 1,971 survivors (1,388 on HD and 583 on PD), 262 patients (13.3%, 150 (10.8%) on HD and 112 (19.2%) on PD) completed the questionnaire. Table 1 shows the sociodemographic information and clinical and biochemical data of included patients at each time point. At three months, patients receiving PD were significantly younger, more educated, employed, and married but had lower modified Charlson comorbidity index (CCI) compared with patients receiving HD. Patients on PD had significantly lower serum albumin levels and higher lipid profiles than patients on HD. No difference was observed in the residual renal function (RRF) between the two groups. Among 625 patients on HD, 268 (41.1%) and 384 (58.9%) patients were enrolled from secondary and tertiary hospitals, respectively. Among 337 patients on PD, 122 (36.2%) and 215 (63.8%) patients were enrolled from secondary and tertiary hospitals, respectively.
Results

Characteristics of patients.
The baseline characteristics between the responders and non-responders at 3, 12, and 24 months according to dialysis modality are presented in the Supplementary Table 1 . No significant differences in age, sex, body mass index (BMI), primary renal disease, and employment status were observed between the responders and non-responders. There were significant differences in modified CCI, marital status, and some laboratory parameters between the responders and non-responders depending on the time points and dialysis modality. Table 2 shows the differences in HRQOL and Beck Depression Inventory (BDI) scores adjusted for age, sex, modified CCI, educational level, employment status, marital status, and hemoglobin, albumin, and total cholesterol levels between patients on HD and PD. At three months after dialysis initiation, both adjusted the kidney disease composite summary (KDCS) score and a physical composite summary (PCS) scores were significantly higher in PD patients than in HD patients (HD vs. PD: 67.4 ± 12.5 vs. 71.1 ± 12.1, P < 0.001 and 55.4 ± 21.3 vs. 59.1 ± 21.7, P = 0.04, respectively). Compared with HD patients, PD patients had significantly higher adjusted mean scores at three months in 11 domains of symptoms (HD vs. PD: 79.7 vs. 82.0, P = 0.04), effects of kidney disease (HD vs. PD: Abbreviations: HD, hemodialysis; PD, peritoneal dialysis 68.5 vs. 73.6, P < 0.001), burden of kidney disease (HD vs. PD: 31.5 vs. 38.0, P < 0.001), work status (HD vs. PD: 25.3 vs. 37.1, P = 0.001), cognitive function (HD vs. PD: 83.6 vs. 85.9, P = 0.01), quality of social interaction (HD vs. PD: 65.5 vs. 68.5, P = 0.02), social support (HD vs. PD: 59.9 vs. 63.6, P = 0.03), dialysis staff encouragement (HD vs. PD: 85.4 vs. 88.4, P = 0.001), role-physical (HD vs. PD: 40.4 vs. 46.5, P = 0.03), pain (HD vs. PD: 69.3 vs. 73.7, P < 0.001), and general health (HD vs. PD: 35.9 vs. 39.3, P = 0.03). At 12 months, the adjusted mean scores in the three domains of effects of kidney disease (HD vs. PD: 70.4 vs. 75.4, P = 0.005), burden of kidney disease (HD vs. PD: 32.1 vs. 38.4, P = 0.01), and dialysis staff encouragement (HD vs. PD: 84.1 vs. 88.0, P = 0.006) were still significantly higher in PD patients than in HD patients. At 24 months, PD patients had significantly higher mean scores in the two domains of sexual function (HD vs. PD: 60.9 vs. 75.0, P = 0.04) and dialysis staff encouragement (HD vs. PD: 84.4 vs. 88.6, P = 0.01).
Comparison of adjusted HRQOL and BDI scores between dialysis modality.
No differences were observed in the BDI scores at 3, 12, and 24 months between the two groups. Figure 2 shows the mean changes in HRQOL scores in 262 patients (150 on HD and 112 on PD) from 3 to 24 months after dialysis initiation within each dialysis modality. Patients on HD experienced significantly worsened HRQOL, as indicated by their mean changes in score, in the three ESRD domains of sexual function (−9.6, P = 0.005), sleep (−2.7, P = 0.04), and patient satisfaction (−3.5, P = 0.04) but improved HRQOL in one PCS domain, role-physical (10.4, P = 0.002). Patients on PD underwent significantly worsened HRQOL, as indicated by their mean changes in 3 months 12 months 24 months HD (n = 652) PD (n = 337) P value HD (n = 301) PD (n = 191) P value HD (n = 150) PD (n = 112) P value www.nature.com/scientificreports www.nature.com/scientificreports/ score, in the two ESRD domains of burden of kidney disease (−5.3, P = 0.009) and work status (−6.8, P = 0.03); in one PCS domain, general health (−3.8, P = 0.02); and two a mental composite summary (MCS) domains, emotional wellbeing (−3.4, P = 0.02) and energy/fatigue (−3.1, P = 0.04). Table 3 demonstrates the changes in HRQOL scores from 3 to 24 months after dialysis initiation between dialysis modality. No significant differences in changes in HRQOL over time were observed between dialysis modality.
Changes in HRQOL scores over time within and between dialysis modality.
Supplementary Tables 2 and 3 show the results of HRQOL scores after adjusting the impact of hospital (secondary, tertiary) using a multilevel analysis. There were no major differences in the overall results of HRQOL. Table 4 gives the sociodemographic, clinical, and biochemical characteristics of patients with persistently high or low KDCS, PCS, and MCS scores at all time points. The group with persistently low KDCS had significantly higher proportion of HD patients and higher modified CCI compared with the group with persistently high KDCS. Patients with persistently low PCS were significantly older, less educated, less employed, and had higher CCI compared with patients with persistently high PCS. The group with persistently low MCS included a significantly higher proportion of men than the group with persistently high MCS. Patients with persistently low HRQOL showed significantly lower BDI scores at all time points compared with patients with persistently high HRQOL.
Analysis of factors associated with persistently low and high HRQOL scores.
From the multivariate analysis (Table 5 ), a high BDI score at three months was an independent risk factor for persistently low KDCS (odds ratio [OR] = 1.34, 95% confidence interval [CI]: 1.21-1.49, P < 0.001), PCS (OR = 1.21, 95% CI: 1.12-1.31, P < 0.001), and MCS (OR = 1.26, 95% CI: 1.15-1.37, P < 0.001). High modified CCI (OR = 1.44, 95% CI: 1.08-1.93, P = 0.01) and unemployment (OR = 5.27, 95% CI: 1.48-18.70, P = 0.01) were significantly associated with persistently low PCS.
Discussion
This prospective nationwide cohort study compared HRQOL at 3, 12, and 24 months after dialysis initiation using KDQOL-SF TM 1.3 between patients starting HD and PD and investigated detailed changes in HRQOL over time. Although the HRQOL advantage of PD tended to decrease with time, the effect was found to last up to two years after dialysis, even after adjusting for clinical and socioeconomic characteristics. In terms of two-year changes in HRQOL over time within dialysis modality, both patients on HD and PD experienced a worsening of HRQOL in different domains. During a two-year period after dialysis initiation, while patients on HD underwent www.nature.com/scientificreports www.nature.com/scientificreports/ significantly worsened sexual function, sleep, and patient satisfaction, patients on PD experienced significantly increased burden of kidney disease and work status and worsened general health, emotional wellbeing, and mental energy. The degree of changes in HRQOL over time was not different between dialysis modality.
The results of previous studies, mainly cross-sectional ones, were not conclusive regarding which dialysis modality could ensure a better HRQOL. Several studies have reported advantages of PD in some domains of HRQOL 4,6,12,14 , advantages of HD 5, 11 , and no differences between two dialysis modality [7] [8] [9] . This disagreement on the results of previous studies might be due to the differences in characteristics of included patients, such as dialysis vintage, comorbidities, and socioeconomic conditions, and the type of instrument used in assessing HRQOL. Our main findings show that patients initiating PD had better HRQOL scores in several domains compared with patients starting HD in the initial period after dialysis, even after adjusting for background imbalances in characteristics between HD and PD. Patients on PD were bothered less by the burden of ESRD, symptoms, and pain, and were able to continue their jobs more compared with those on HD. These results can be explained by the fundamental differences in dialysis method between HD and PD. Unlike patients on PD, patients undergoing HD have to go to dialysis centers two to three times a week for four hours per session. This requirement might negatively affect both personal lives and occupational achievement. Further, patients receiving PD maintained social interaction and social support more actively, had more satisfaction with dialysis staff encouragement, and ultimately felt better general physical health and emotional wellbeing compared with those undergoing HD.
In our study, at the end of one year, patients on PD were still feeling less burdened by the disease itself. Higher satisfaction for dialysis staff encouragement was sustained in patients on PD for two years. Previous cross-sectional studies have also shown similar results with respect to advantage of PD regarding dialysis staff encouragement 4, 8, 15 and treatment satisfaction 16 . This result might represent positive and important information for patients who are reluctant to undergo PD because they feel pressured to perform dialysis on their own. The benefit of dialysis staff support could be highlighted to encourage the use and availability of PD as a dialysis modality.
The notable finding in our study was that patients on HD and PD experienced a worsening of different domains in HRQOL over time. The results on the changes in HRQOL could give more valuable information than the results regarding the comparison of HRQOL at each time points between dialysis modality since we cannot completely exclude the possibility that patients with better HRQOL may choose PD as a dialysis modality. The results of longitudinal follow-up revealed that patients on HD had more problems with sexual function and sleep, as well as experienced decreased patient satisfaction over time since beginning dialysis. Only patients on HD showed significant improvement in role-physical over time. This outcome might be because patients on HD had considerably impaired baseline role-physical score (mean 40.4) and thus had more room for improvement. Meanwhile, the burden of kidney disease was on the increase, whereas emotional wellbeing and energy were on the decrease in patients on PD; the benefit of PD in terms of maintaining a job decreased over time. As such, physicians should ask different questions regarding HRQOL over time according to dialysis modality to identify www.nature.com/scientificreports www.nature.com/scientificreports/ and solve problems that dialysis patients are facing and to increase HRQOL eventually. Further, considering the detrimental effect of testosterone deficiency, which results in sexual dysfunction 17 , impaired sleep quality 18 , and low mental health 19 on mortality of dialysis patients, it is also important to have proper consultation with specialists according to symptoms to improve survival. Our results regarding changes in specific aspects of HRQOL over time could provide valuable information regarding trade-offs, which may facilitate decision-making on dialysis modality to individual patients with specific preferences. A previous study has shown that comprehensive information with shared decision-making (SDM) between the patient and the doctor is needed for patients with ESRD when choosing dialysis modality 20 . Although there are no evidence-based guidelines in SDM for patients with chronic kidney disease, successful SDM has been shown to improve the quality of medical decision and treatment success, as well as reduce costs 20, 21 . Hence, information on HRQOL should be fully included and reflected in SDM for dialysis choice.
In this study, depressive symptoms at the initial period after dialysis initiation had continuous detrimental effects on all aspects of HRQOL, including ESRD, MCS, and PCS domains, regardless of dialysis modality. Previous studies have also revealed that depressive symptoms and depression itself are significantly associated with impaired HRQOL 22 and higher mortality 23 in patients on dialysis by affecting compliance with dialysis and medication adherence, altering immune system function, and rendering a negative effect on nutritional status [24] [25] [26] . Despite the significant impact of depressive symptoms on clinical outcomes, depressive symptoms and depression are often under-recognized and undertreated in dialysis patients 27 . Therefore, it is important to account for depressive symptoms to prevent incident dialysis patients from experiencing persistent impaired HRQOL. Further studies will be required to clarify how regularly depressive symptoms and HRQOL should be evaluated in patients on dialysis as dialysis-related parameters, along with residual renal function and laboratory findings.
This study has a number of limitations. First, there is no information on measured pre-dialysis HRQOL, which might have yielded more useful results. We cannot completely exclude the possibility that HRQOL was already better in PD than HD patients before they began dialysis. However, we performed HRQOL analysis by adjusting for various confounding factors to reduce the impact of baseline clinical and socioeconomic parameters on HRQOL. Second, the response rate of the questionnaire declined over time. The non-response rate was higher in patients on HD compared with those on PD, which may affect the results of this study. This might be due to the high transfer rate to local dialysis clinic in patients on HD in South Korea. Third, considering international variation in HRQOL 28, 29 , caution should be taken when generalizing and applying our findings to other ethnicities because we included only an East Asian population. Forth, we have no information about the primary www.nature.com/scientificreports www.nature.com/scientificreports/ reason for initial dialysis modality choice which can be affected by medical and social contraindications except for patients' own modality choice and might have an impact on HRQOL of dialysis patients. Fifth, there were significant differences in some clinical and laboratory parameters between the responders and non-responders. Interestingly, comorbidity index of non-responders was higher compared with that of responders in patients on HD and comorbidity index of non-responders was lower compared with that of responders in patients on PD. Therefore, we speculate that if more patients completed the follow-up surveys, better HRQOL of PD would have been clearer. Sixth, the follow-up period was not long enough to demonstrate gradual deterioration of RRF in PD patients and show its association with HRQOL in PD patients. Nevertheless, our study has strengths in that it showed detailed changes in HRQOL over time according to dialysis modality, with a relatively large number of incident patients on dialysis and with a longer duration of follow-up compared with previous prospective longitudinal studies evaluating HRQOL over time between incident patients starting HD and PD 9-12 . www.nature.com/scientificreports www.nature.com/scientificreports/ In conclusion, PD shows better HRQOL during the initial period after dialysis even after adjusting for clinical and socioeconomic characteristics, and the effect lasts up to two years. Both patients on HD and PD experienced a worsening of HRQOL over time in different domains. It was similar in terms of changes in HRQOL over time between HD and PD. It may mean that there is no dialysis modality which has definite advantage in terms of changes in HRQOL over time. It is important to give detailed information and advice regarding HRQOL to patients considering dialysis modality choice. Previous studies have shown that patients are willing to abandon 15-23 months of life expectancy to obtain greater freedom to travel and 7 months to reduce hospital visits 1,2 ; meanwhile, the HRQOL of patients on dialysis has received little academic attention. It is time for nephrologists and dialysis staff to pay attention to the actual preferences and priorities of dialysis patients. Therefore, regular monitoring of HRQOL and depressive symptoms, as well as appropriate intervention to specific symptoms, could be crucial for patients who are forced to take maintenance dialysis for life support. Variables and data collection. Sociodemographic information, clinical and biochemical data, HRQOL, and depressive symptoms were obtained 3, 12, and 24 months after the start of dialysis. The questionnaire of KDQOL-SF TM 1.3 consists of 80 items divided into 19 domains plus 1 separate item that compares current health status with health status one year ago. Each domain is rated on a scale from 0 to 100, with higher scores reflecting better HRQOL. The scores of the ESRD-targeted items are aggregated into KDCS score. The scores of the 36-Item Short Form Health Survey, a patient-reported survey of patient health, are classified into PCS score that includes items related to physical function, physical roles, pain, and general health, as well as MCS score that includes items related to emotional roles, emotional wellbeing, emotional energy, and social functioning 30 . BDI-II consists of 21 self-reported items; each item is scored from 0 to 3, with the total score ranging from 0 to 63 31 www.nature.com/scientificreports www.nature.com/scientificreports/ values of PCS at 3, 12, 24 months were 56.7, 60.5, and 59.5, respectively. The median values of MCS at 3, 12, 24 months were 52.8, 55.8, and 53.4, respectively. We classified participants with persistently higher or lower scores than median values at each time point as belonging to the "persistently high" group or "persistently low" group, respectively. Statistical analysis. Sociodemographic, clinical, and biochemical data were compared using Pearson's chi-squared test or Fisher's exact test for categorical variables and using the student's t-test for continuous variables. Continuous variables are expressed as mean ± standard deviation. The scores of KDQOL-SF TM 1.3 and BDI-II were adjusted for age, sex, modified CCI, educational level, employment status, marital status, and hemoglobin, albumin, and total cholesterol levels. Differences in questionnaire scores at each time point between dialysis modality were analyzed from regression analyses adjusted for variables. To determine the effects of dialysis modality (HD versus PD) and time, as well as the interaction between both, we used repeated measures ANOVA. Specifically, we used generalized estimating equation models for repeated measures to examine the association of the scores of HRQOL with dialysis modality across time. Multivariate logistic regression analysis was used to investigate the association between questionnaire scores and background variables. The multivariate model was built with factors including dialysis modality, depressive symptoms, age, comorbidity index, and employment status, which were found to be associated with HRQOL [32] [33] [34] [35] . The mean for continuous variables and mode for categorical variables of the non-missing values of each variable were used to impute the missing values. Multilevel analysis was used to adjust the impact of hospital (secondary, tertiary) on HRQOL. Statistical analysis was performed using the SAS system for Windows, version 9.2 (SAS Institute Inc., Cary, NC) and R (R Foundation for Statistical Computing, Vienna, Austria; www.r-project.org). P values < 0.05 were considered statistically significant.
Persistently high KDCS
Methods
